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Abstract
We show in a simple and general way that MSW resonant transitions for
solar neutrinos are not observable in the case of maximal mixing among any
number of neutrino generations.
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There has been recently much interest in the case of maximal mixing among neutrino
generations. The existing data of the solar neutrino experiments and of the atmospheric
neutrino experiments, in which indications in favor of neutrino mixing were found, have been
analyzed in Refs. [1,2] under the assumption of maximal mixing among three generations of
neutrinos.
In a recent preprint [3] it has been noticed that, in the case of maximal mixing among two
or three neutrino generations, even if the conditions for MSW [4] resonant transitions in the
sun are satisfied, their effects are not observable. This conclusion was based on a numerical
solution of the evolution equation. We present here a simple and general derivation of this
result in the case of mixing among any number N of neutrino generations.
Let us consider the case of an arbitrary number N of massive neutrinos. If there is
neutrino mixing (see Ref. [5]) the neutrino fields ναL are given by a superposition of (Dirac
or Majorana) fields νaL with mass ma as
ναL =
N∑
k=1
UαaνaL . (1)
Here U is a unitary mixing matrix.
Let us now consider solar νe’s that are produced in the thermonuclear reactions occurring
in the core of the sun. As a result of neutrino propagation from the core of the sun to its
surface, which can include possible MSW resonant transitions, the neutrino state emerging
from the surface of the sun is a superposition of neutrino states which can be written as
|ν⊙〉 =
∑
α
Aeα(E) |να〉 , (2)
with
∑
α
|Aeα(E)|
2 = 1 . (3)
The amplitudes Aeα(E) are determined by the evolution equation of neutrinos in the sun.
The values of these amplitudes will be not important in this note, we will use only the
normalization condition (3). Let us stress only that if MSW matter effects are important
the amplitudes Aeα depend on the neutrino energy E.
The neutrino state on the earth is given by
|ν⊕〉 =
∑
α,a,ρ
AeαU
∗
αae
−iEaTUρa |νρ〉 , (4)
where T = R and R is the distance between the surface of the sun and the earth.
The probability of transitions of solar νe’s into any state νρ at the distance R is given by
Pνe→νρ =
∑
α,β,a,b
AeαA
∗
eβ U
∗
αa Uρa Uβb U
∗
ρb exp
(
−i
∆m2ab
2E
R
)
, (5)
where ∆m2ab ≡ m
2
a −m
2
b .
We will assume that
2
∣∣∣∆m2ab∣∣∣≫ 10−10 eV2 (6)
for all values of a and b (a 6= b). This inequality is satisfied if there are MSW resonances in
the sun. From Eq.(5), for the measurable averaged probability we have
〈
Pνe→νρ
〉
=
∑
a
|Uρa|
2
∣∣∣∣∣
∑
α
AeαU
∗
αa
∣∣∣∣∣
2
. (7)
In the case of maximal mixing |Uαa|
2 = 1/N (see Refs. [1,2]). Using the unitarity of the
mixing matrix and the normalization condition (3) we obtain
〈
Pνe→νρ
〉
=
1
N
∑
a
∣∣∣∣∣
∑
α
Aeα U
∗
αa
∣∣∣∣∣
2
=
1
N
∑
α
|Aeα|
2 =
1
N
. (8)
Thus, in the case of maximal mixing, if the condition (6) is satisfied, the probability of
transitions of solar νe’s into any state νρ, active or sterile, do not depend on νρ and is equal
to 1/N . This probability does not depend on the values of the amplitudes Aeα, which means
that the MSW effect is not observable in the case of maximal mixing. In Ref. [3] this result
was obtained numerically for the cases N = 2 and N = 3.
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